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PROCESS FOR THE ENZYMATIC PREPARATION OF AN ENANTIOMERICALLY 
ENRICHED BETA>-2-AM(NO ACID (ESTERS 

5 

The inventiori relates to an enzymatic process for the preparation of 
an enantlom^rically enriched p^-amlno acid (ester). 

An en^matfc process for the preparation of an enantlomerically 
enriched ^^amino aoid (ester) is unknown. Salamonozyk, GM. etaL J, Org, 
1 0 C/iem.,(1 996), vol. 61 , 6893-6900 di60lo3es a alightl/ related enzymatio procese to a 
different compound in which an enantlomerioaHy enriched 3-amino-2-methyl-propionto 
acid is prepared by reacting racemic N-protected 3-amino-2-methyI-prop(onio acid 
methyl ester wfih immotainzod Candidla Antarctica lipase. However, this process relates 
to N-protected p^-amfno acWs and N-protected p'^-amino acid esters. Furthermore, a 
15 disadvantage of this process is that it is necessary to use a multistep kinetic resolution 
in order to get an acceptable enantiomeric excess of 3-amino-2-methyi-propion?c acid. 

It is the object of the invention to provide a simple ensymatio process 
for the prepamtion of an enantlomerlcally enriched P^-amlno add (ester), i.e. a process 
without the need of multistep kinetic resolutions and/or N-protecBon of the p^-amlno 
SO acid (ester). 

This ob{eot Is achieved according to the Invention by reacting a 
stereoselective hydrolytic enzyme with a mixture of enanttomers of a P®-amino add 
ester represented by fonnula 2 

25 HaN^ ^ r3 ^2) 

wherein R"* stands for an optionally substituted alkyi and wherein R^ R® and R* each 
Independently stand for H, an optionally substituted (hetero)aryl, an optionally 
substituted alkyi, OR^ COaR^ C(0)R^, SR^ NR^R^^ OG(0)R" wherein R^ H\ R^ R^ 
30 R^, R^^ and R^^ each independently stand for H, an optionally substituted alkyi or for an 
optionally substituted (hetero)aryl and wherein R^ and R^, R^ and R"^ or and R"^ may 
form a ring together with the carbon atom to which they are attached and by either 
oolleoting the resulting enantiom©rica!!y enriched P^-amino acid of formula 1 
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, Wherein R^ and R'^ are as defined above or by oolleotSng the remaining 
5 enantlomerically enriched p'^-ammo acid ester of formula 2. 

Surprisingly the process of tlie invention is a simple process, which 
does not require multistep l<inetic resolutions and/or N-protection of the p^-amino add 
(ester), which process leads to p«-amino acid {ester)s with an acoeptable enantiomeric 
excess. Furthermore, the process of the invention is well scalable and can be applied 

10 at an Industrial scale. 

With p=^-amino acid (ester) meant a p-amino adid(^er) subsfituted 
on the a-posltion (a-posilion). For a definition of p Wmo aGid(ester) see also Sewald, 
Angew. Chem. Int. Ed. (2003), 42, 5794-5795. 

The ^^-amino aoid (ester) of formula 2 has a ohlral center on at [east 
1 5 the a-position; the p^-amino aold (ester) of formula 2 may however also have other 
ohlral centeis. for example the carbon atom to which R^ and R* are attached may 
b© chlral; this carbon atom is chlrai when R^ and R* are not the same. 

With "mixture of enantiomers' is meant a random mixture of (J^) and 
(S)-enantiomere. Typically, a racemic mixture of ^-amino acid esters of fonnula 2 is 
used (i.e. when (Pt): (S) Is 1:1). but of course the process of the invention may also be 
performed, - for further enantiomeric enrichment on an already enantiomerically 

enriohed mixture of enantiomers 

Preferably, stands for an optionally substituted alkyi of 1-20 C- 
atoms, more preferably of 1-12 C-atoms (C-atoms of the substituents Included). For 
example may stand for a C,-0^ alkyl, e.g. methyl, ethyl, /i-butyl; substituted methyl, 
e g benzyl; or substituted ethyl, e.g. trichloroethyl, methoxy-ethyl or trifluoroethyl. 

Preferably, R^ R^ R^ R^ R^ R^ R'. ^nd R" each 

independently stand for H, an optionally substituted alkyl of 1-12 C-atoms, more 
preferably of l-a G-atoms (C-atoms of the subatituertts inoluded) orfor a (hetero)aryl of 
2-10 C-atoms (C-atoms of the substituents included). Preferably in the heteroaryl, the 
heteroatom(s) is/are chosen from the group of N. O and S. 

R^ and R^ R^ and R* or R^ and R* may form a ring of preferably 3-8 
C-aloms. The ring they form may for example be a (hetero)cydoalkyl or a (h©t©ro)aryl. 
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each of whtoh rfngs may optionally be substHuted. 

Examples of substituents include alkyi, (hetero)a»yl, sulfonyi, 
alkoxycarbonyl, amldocarbonyl, nitrite, hydroxy, alkoxy. aryloxy, thioalkyi, mercapto, 
amino and fluorine. 

6 In the framework of the Invention with the temi 'enantfomerically 

enriched' Is meant 'having an enantiomerio excess {e.e.) of either the (fl)- or (£} - 
enantiomer of a compound'. Preferably, the enantiomeric excess Is > 80%, more 
preferably > 86%, even more preferably ^ 90%, in partloijlar >95%. more in particular > 
97%, even more In particular > 98%, most in particular > 99%. 
^ ^ Colleoting includes.for example Isolation fay means of conventional 

methods, for example ultrafHtration. concentration, column chromatography, extraction 
or crystallization and further reaction of the obtained product (enantlomericaliy enriched 
P^-amino aca'd or enantiomerically enriched p^-amino acid ester). 

With 'hydrolytlc enzyme' is meant an enzyme with the ability to 
1S hydrolyze a carboxylic ester group to form the corresponding oarboxylic acid group. 

With 'stereoseiectiviy of the hydrolytic enzyme is meant that the 
hydrolytio enzyme preferably catalyzes the hydrolysis of one of the enantiomers of the 
P^mino add ester. The etereoselectivily of an enzyme may be expressed in terms of 
E-ratio. the ratio of the spedf icity constants V„«« /K^ of the two enantiomers ae 

20 <3BscribedinC.aChen,YFu]imoto.G.GIrdaukas,C.J.Sih..J./l«,.Caiem.Soc.1982 
104. 7294^.7299. Preferably, the hydroft^c enzyme has an E-mtio > 5. more preferably' 
an E-ratio > 10, even more preferably an E-ratio > 50. most preferably an E-ratfo > 100. 

A Stereoselective hydrolytic enzyme suitable for use in the present 
invention may for example be found in one of the general classes of hydrolytic 
25 enzymes, for Instance In the group of esterases, lipases, proteases, peptidases or 
aoylases. preferably In the group of esterases or lipases. TTie hydrolytic enzyme may 
be derived from both eukaryotio and prokaiyotic cells, including but not limited to those 
from the following mammalian sources: porcine liver, porcine pancreas, for example 
oommeroially available porcine pancreatic lipase type It (L-3126, Qigma); porcine 
30 kidney and bovine pancreas; those from the plant source wheat germ; those from the 
following moid genera: Absldfe^ AspergHlus; Fusarkjnr, Gibberel/a; Muoor, Neurospara; 
Trlchodems', Rhizopus; FUvzomucor. for example mizomuoorntieh&i; ThemomycJ, 
for example Thermomyoes lanugenousus; those from the ibilowing bacterial gemm: ' 
Aobromabacter, AloaUgmesr, BacHtus; for example BaciSus Ochenifomfs; 
35 Brevibacteriom; Coryn&baoterium Ptoviclencfs; Pseudomonas, for exarnple 
Pseuc/omon&s f/uorescens, Pseudomonas oepase or Pseucomonas afcaffgenBs; 
SBrratim RhodococGUS, those from thefollowing yeast genera: Candida, for example 
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Candida rugose or Candida Antsm^; and those from the Actonomycete genus 
Noc&rdlsi. 

Preferably, the stereoseleotlve hydrolytic enzyme is found in the 
group of enzymes classified as carboxylic ester hydrolases (EC 3.1 .1 ) or in the group 
5 of enzymes classified as peptidases, for example EC 3.4.1 , EC 3.4.1 1 , EC 3.4.21, 
more preferably EC S.4.21 .62. EC 3.4.22 or EC 3.4.23. 

A stereoseleohve hydrolytic enzyme may also be found in the group 
of commercially available hydrolylio enzymes. Examples of commercially available 
hydrolytic enzymes are: enzymes supplied by Fluka: Candida cylindracea npase. lipase 
10 Hog pancreas, lipase Pseudomonas ftuofescem, lipase AspergUlus oryzae, lipase 
Bhizopus niv0US, lipase RNzomucar mi0hm, lipase Candida antai^aa, lipase Muoor 
jm/anicus, lipase Rhizopus arrhlzus, lipase Penicmum mquefoftK lipase CanOdA 
llpolytica, lipoprotein lipase Pseiicfomo/rassp., type B. lipoprotein lipase Pseudomona^ 
cepacia, lipoprotein lipase Chmmobaaterium visaosum. esterase BasiBi^ 
15 stearothermophHus, esterase BaoHlus th&rmoglucosidasius. esterase Muoor mlehei, 
esterase hog liven enzymes supplied by Altus: Candida rugt^ lipase, lipase Mucor 
midief. Candida antarvUca B lipase, Candida antarotipaA lipase, Chiro-CLEC^CR. 
•' Chlro-CLEC-Cft (slurry), porolne liver esterase, penioiinn aoylase, subtllisin Carlsberg. 
' Chlro-CLEC-BL (slufty), Chlro-CLECPC (slurry). Chiro-CUEC-EC (slunry), AspargHius 
;■ ■• 20 o/yzas protease, PeptiCLEC-TR (slurry): enzymes supplied by Recombinant 
■ ■ Bteeatalysis^L^Q1^7. ESL001-01, ESL-Q01-01 with stabiliser, ESL-001-02. ESL- 



25 



001-03. ESL-001-05; enzymes supplied by Boehringer-Mannheim: Chirazyme L4 
{Psoudomanas sp.). Chirazyme L5 {Candida mtarctiaa fraction A), Chirazyme LI 
{Burkholdena), Chirazyme L6 (porcine pancreas), Chirazyme L7. Chirazyme L8; 
enzymes supplied by DSM (formerly Gist-Brocades): Naproxen esterase. Llpomax, 
Genzyme, Lipoprotein lipase; enzymes supplied by Novo: Novozyme 868. Novozyme 
435. immobilized Cand/daAnlanjffca lipase, Nagase enzyme, UpaseA-IOFG 
{Rhizopusjavanicusy. enzymes supplied by Amano, Amano AYS. Amano PS. Amano 

PSD, Amano AKD1 1 . Amano AKD1 1 1 . 

The most preferred stereoselective hydrolytic enzymes are: subtllisin, 
alcalase 2.0L, Bacillus licheniformis protease, CandhJa Antarctica lipase A, porcine 

pancreatic lipase type II. 

The stereoselective hydrolyfio enzyme may be used in any form. For 

example, the hydrolytic enzyme may be used - for example in the form of a dispersion. 

35 a aolutioo or in Immobilized form - as crude enzyme, as a commercially available 

enzyme, as an enzyme further purified from a commercially available preparation, as 

an enzyme obtained from its source by a combination of known purrfication methods, in 
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whote (optionally permeabllfeed and/or immobilized) cells that naturally or through 
flfenette nnodlfloafion possess the required stereoselective hydrolytto enzyme actlvrty, or 
In a lyeatB of cells with such acHvity. ' 

It will be dearto the average person skilled in the artthat use can 
S also be made of mutants of naturally occurring (wild ^e) enzymes with hydrolytic 
acliviiy in the process according to the invention. Mutants of wild-type enzymes can for 
example be made by modifying the DNA encoding the wild type enzymes using 
mutagenesis techniques known to the person skilled in the art (random mutagenesis 
site-direoted mutagenesis, directed evolution, gene shuffling, etc.) so that the DNA ' 
1 0 encodes an enzyme that differs fay at least one amino acid from the wild lypa en^e 
and by effecting ths expression of the thus modified DNA In a suitable (host) cell 
Mutants of the stereoselective hydrolytic enzyme may have improved properties with 
respect to (stereojselectivity and/or activity and/or stafaiiify and^or solvent resistance 
and/or pH prophile and/or temperature prophile. 

The choice of the reaction conditions of the process of the Invention 
depends on the choice of hydrolytic enzyme. Usually, the temperature of the process Is 
chosen between 0 and myc. In particular between 1 0 and 40°C; usually the pH of the 
process is chosen between 4 and 10 and as a solvent usually water, an aqueous 
solvent, for example water/^butanol or water/dloxane. or a two-phase system of water 
and a water Immiscible solvent, for example toluene, hexane, heptane, methyl f-butyl 
ether, methyl Iso-butyl ketone Is used. 

The resulting enantlomerloally enriched p^-amino acid of formula 1 
obtained in the process of the Invention may be Isolated by using a known method for 
the isolation of an acid from water or from an aqueous layer. The remaining 
25 enantiomerically enriched p^-amlno acid ester of formula 2 obtained frr the process of 
the Invention may also be isolated In a manner known per se. for example by extraction 
With an organic solvent, crystallization or (ion exchange) chromatography. 

Optionally, the collected remaining enantiomerically enriched p^- 
amino acid ester of formula 2 is further hydrolysed to form the corresponding 
30 enantiomerically enriched p^-amino add. Methods for the hydrolysis of an ester are 
known to the person skilled in the art. for example esters may be hytlTolysed by acid 
hydrolysis using an aqueous solution of a mineral acid solution, for example HO or 
H2SO4, by saponification using an aqueous solution of sodium hydroxide, or by 
enzymatic hydrolysis. 

^ A mixture of enantiomsrs of g^-amino acid esters of formula 2. 

Wherein R\ Fi^ and R'* are as defined above may be prepared using methods 



20 
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known in the art. For example^ a p^-amino acid ester of formula 2 may be prepared by 
reduc?fion of th© corresponding nitrite of formula 3 




NC r3 

5 

wherein R\ and R"^ are as defined above with a suitable reducing agent and 
optionally in the pressnc© of a suitable catalyst. 

The nitrile of fonriula 3, wherein R\ and are as defined above 
and wherein stands for H may be prepared by reduction of the double bond of the 
1 0 corresponding nitrite of formula 4, 




R2 



wherein R\ R^ and R^ are aa defined above with a suitable reducing agent and 
optionally in the presence of a suitable catalyst. 

15 In one embodiment of the invention, the mixture of enantfomers of ji^- 

amino acid esters of formula 2, wherein R^ R^ and are as defined above and R^ 
stands for H may be prepared by a one-pot reduction (this is: without isolation of the 
intermediate nitrile of formula 3) of the corresponding nitrile of formula 4 with a suitable 
reducing agent and optionally in the presence of a suitable catalyst in this reduction 

20 both the double bond and the nitrile group of the compound of formula 3 are reduced. 

Suitable reducing agents (and catalyst oombrnations) are known to 
the person skilled fn the art and Induds for example Hg with a Pd/carboncataJyst, H2 
with Raney Nickel, Hg with Pi/carbon, with Ru/carbon and the like. For example the 
nitrile of formula.3. wherein R\ R^ R^ and R* are as defined above may be prepared 

25 from the corresponding nitrile of formula 4 
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wherein n\ R« and are as defined above in a manner known per «e by introdudng 
R* via nuoleophllio 1,4-addliJOn using a suitable nucleophfle. The person skilled In the 
art knows which nucleophlles to use to fnfroduoe the desired r\ Examples of suitebfe 
5 nucleophiles Include alky! lithium, for example methyl Bthlum; Grfgnard reagents; 
alkoxldes, for example a salt of benzylalcohol, for Instance the potassium satt; thiols, 
for example thtoaoetio acid or benzylmeroaptan, both of whfoh may be in the form of'a 
salt; nitrogen nucleophiles, for example amines, for ©tampfe hydroxylamlne; azides; or 
Imides, for example potassium phtalimide or potassium bisfomilmide, 
^° A ^ffr'f® of formula 4 wherein R\ R^ a^d as defined above may 

also be prepared by condensation of a ketone or aldehyde of formula 6 




(6) 

IS wherein Q^d R^ are as defined above and a nitrlle of formula 7 
NC''''''''''*^COaR'' (7) 

wherein R* Is as defined above, in the presence of a suitable base or a dehydrating 
20 reagent Suitable bases and dehydrating reagents are well known in the art. Suitable 
bases, include for example piperldlne, trielhylamine. OH", diazabicycloundecene (DBU) 
and dlazablcydononene (DBN). An example of a dehydmiing reagent is 
ammonlumacetete. 

A mixture of enantlomere of p^-amlno acid esters of formula 2. 
25 wherein R\ R« R« and R* are as defined above may, for example, also be prepared by 
reacting NHa or an NHa-analogue with the 2-substltuted acrylic acid ester of fomiula 5 




30 wherein H\ H\ and R* are as defined above. 
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W[th an NHa-analc^ue is meant a oompound which will give the free 
amine in the compound of formula 2 (optionally after removal of a protecting group). 
Examples of NHa-analoguea include benz^^lamine, dlbenzylamine, azide, 
hydroxylamine, potassium phtalimide and potassium bisformimide. 

5 Enanflomerioally enriched p^-amino acids and enantiomerically 

enriched P*-amino acid estere may be used as building blocks in the preparation of 
pharmaceuticals and agrochemloals. For example, p^-homo-threonlne can be used In 
the preparation of the pharmaceutioally active ingredient of p-lactam antibiotics 
{EP280385, EP742223. EP371875, EP774463, C Fuganti etaJ. Org. Bio-Org.Chem 

1 0 (1 993), 2247-2249). p^-amlno adds may for example also be used in the preparation of 
the pharmaceutically active ingredient of platelet aggregation inhibitors (US 5.344,967, 
WO93/07867) or in the preparation of the pharmaceutically active ingredient of 
enkephallnase inhibitors (to replace morphine, treatment of diarrhea, hypertension, 
cardiac insufficiency and as analgesics; BP 634396).Furthermore, p^-amino 

1 5 acids/esters may also be used to prepare pharmaceutically active Ingredients useful as 
an antibiotic (WO02/41886) or as a medicine against constipation {Drugs Put. (2000), 
25(12), p1308). 

The invention therefore, also relates to a process wherein the 
enantiomerically enriched p^-^amino acid (ester) prepared accorellng to the invention Is 
20 further converted into a pharmaceutically aoUve ingredient In a manner known pfer se. 

Furthermore, the Invention also relate to a prooess wherein the 
pharniaceuticaUy active Ingredient as obtained above is formulated Into a 
pharmaoeuHoal composition compttetng the pharmaceutioally active ingredient and 
exciplent. 

25 The stereoselective hydrolytic enzyme suitable for use in the present 

invention may also be used in the preparation of an enantiomerically enriched p^-amino 
acid ester of formula (2), wherein R\ R^ and R'^ are as defined above from an 
enantiomerically enriched p^-amino acid ester of formula (8) 



30 HfiN ' 

(8) 

Wherein R^' elands for an optionally substituted alkyl, but is not the same as rf, a 
alcohol R^OH, wherein R"" is as defined above. 
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Preferably, R*' stands for an optionally subsfltutecf alkyi of 1-20 O- 
gtoms, more preferably of l-lg c-atoms (C-atoms of the substfUiente Included). For 
example R^' may stand for a C~C, alkyI, e.g. methyl, ethyl, />butyl; substituted methyl, 
e.g. benzyl; or substituted ethyl, ag. triohloroethyl, methoxy-ethyl or trffluoroethyl. 
5 Preferably the molar amount of alcohol R^OH relative to the amount 

of ammo acid ester of formula 8 Is >5, more pr^erably > 10. 

The invention will now be elucidated by way of the foltowing 
examples without however being limited thereto. 

10 Samples 

Example 1. Preparation of (±>-3-amino-2-ben7vi- prnp.- onic add m^j^ y} 
hvdroohlorlde. 

To a mlxlure of methyl cyanoacetate (50 g, 0.5 mol) and benzafdehyde (53.5 g. o 5 
15 mol) Jn dtojcane (150 mL) Is added acetic add (2.9 mL, 0.05 mol), piperidine (2.0 mL, 
0.02 mol) and palladium on carbon 6 wt% (2 g). The mixture is stirred under hydrogen 
(1-2 bar) at room temperature for 16 hours. Then the reaction mixture is filtered on 
oeiae and the f Iftrale is evaporated to dryness. The residue is redissolved in ethyl 
acetate (200 mL) and washed with water and brine. The organic layer is dried on 

20 sodium sulphate, filtered and evaporated to dryness to afford ayellow oil (ge g, 

quantimtive yield). To the solution of this oil (50 g, 0.25 mol) In niethanol (300 rliL) is 
added palladium on carbon 5 wt% (1 g) and HCI 37 wt% (33 mL, 0.4 md) and the 
reaction mixture is stirred under 10 bar of hydrogen. After 17 hours of stirring, the 
solution is filtered on celrte, evaporated to dryness and the residue is precipitate in 

25 ether to afford a white powder of (±)-3-amino-2-benzyl-propionic acid methyl ester 
hydrochloride in 61% yield. 

'H-NMR (4O0MHZ, DIWSO) 5 8.49 (s, 3H), 7.19-7.30 (m, 5H), 3.68 (s, 3H). 3.11-3.21 
(m, 1 H), 2.81-3.05 (m, 4H). 

30 Example 2 

Preparation of fe)-2-faminomethvn-4-mftth v|-D6ntannin »nid methvl e.-^tftr 
hydrochloride. 

To a mixture of methyl pyanoacetate (50 g, 0.5 mol) and isobutyraldehyde (36 g, 0.5 
35 mol) in dioxane (ISO mL) is added acetic acid (2.9 mL. 0.05 mol), piperidine (2.0 mL, 
0.02 mol) and palladium on carbon 5 wt% (2 g). The mixture is stirred under hydrogen 
(1-2 bar) at room temperature for 1 8 hours. Then the reacHon mixture is filtered on 
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celite and the filtrate is evaporated to chyneas. The residue is redlssolved in ethyl 
acetate (200 mL) and washed wfth water and brine. The organic layer is dried on 
sodium sulphate, filtered and evaporated to dryness to afford a yellow oil (78 g, 
quantitative yield). To the solution of this oil (40 g, 0.26 mol) in methanol (300 mL) is 

5 added palladium on oarbon 5 wt% (1 g) and HCI 37 wt% (32 ml, 0.38 mol) and the 
reaction mixture is stirred under 10 bar of hydrogen. After 17 hours of stirring, the 
solution is filtered on oelite, evaporated to dryness and the residue is precipitate in 
ether to afford a white powder of {4)-2-(amlnomethyl)-4-methyl-pentanoIo acid methyl 
ester hydrochloride in 57 % yield. 

10 ^H-NMR (400iyiHz, DMSO) S 8.24 (s, 3H), 3.87 (6. 3H), 2.81-3.09 (m, 3H), 1.25-1.58 

(m, 3H), 0.98 (d. 6H). 
Example 3 

p.^ p^.:=.t.on nf r-^V2>^aminnmethvn-3-m e thvi.hirtx/rio aokl meihvl eater hydrochloride. 

15 

To a mixture of methyl Qranoacetate (1 0 g, 0.1 mol) and acetone (6.38 g, 0.1 1 mol) In 
ethanol (20 mL) is added acetic acid (1.2 g, 0.02 mol), ammonium aoetate (0.78 g, 0,01 
mol) and palladium on carbon 5 wt% (0.4 g). The reaction mixture is stirred at room 
temperature under hydrogen (1-2 bar) for 18 hours. After filtration on celite, the filtrate 

ZO is evaporated and the re^due is solubiltsed in ethyl acetate and washed with water and 
brine. The organic layer is dried over sodium sulphate and then concentrated in vacuo 
to afford a yellow oil (30 g). To a solution of this yellow oil in methanol (200 mL) is 
added palladium on carbon 5 wt% (1 g) and HCI 37 wt% (1 0-5 mL, 0.1 5 mol). After 1 5 
hours ellrrlng under hydrogen (10 bar), the reaction mixture Is filtered on oetite and the 

25 filtrate is concentrated in vacuo. The 2-(aminomethyl)-3-methyl-butyric add methyl 
ester hydrochloride is obtained in 43% yield after precipitation in acetone. 
^H-NMR (400MHz. DMSO) 5 8.18 (s. 3H), 3.67 (s, 3H), 3.00 (m, 2H), 2.65 (m. 1H). 
1.97 (m,lH), 0.90 (m,6H). 



30 Example 4 

p.^P«r«tinn nf (±va,fami nnm6thvn-bulvri n aoid m ethyl ester hydrochloride. 

To a mixture of methyl cyanoacetate (10 g. 0.1 mol), acelaldehyde (8.76 mL. 0.12 mol) 
and palladium on carbon 5%wt (0.4g) in acetic acid (16mL) Is added slowly a solution 
35 of piperidine (0.34 g, 0.04 mol) in aceHc acid (4 mL). The reaction mixture is stirred at 
room temperature under hydrogen (1 -2 bar) for 17 hours then filtered on celite and 
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concentrated to afford a yelJowoil (12 g)! To iheeolutfon of this oiJ in methanol (150 
mL) is. added pattadium on caibon 5%wt (1.2 g) and HCI 37 wt% (13 mL, 0.15 moO. 
The reaoflon mbtfure Is stirred at room temperature under hydrogen (1 0 bar) for 1 5 
hours and the f iJtered and concentrated fn vacuo to affoitl the 2-{aminom6thyl)-bulyrio 
5 acid methyl ester hydrochloride in 47% yield after precipitation in ether, 

'h-NMH (4001VIHZ, DIWSO) 5 8,24 (s. 3H), 3.67 (s, 3H). 2.81-3.09 (m, 2H). 2,5a-2.7t 
(m, 1 H), 1 .61 (q, 2H), 0.98 (t, 3H). 

Exampte 5 

^0 PrsRaration of fa)-8-aminQ-2-methvl-nmninn jc acid methyl ester, acetro arJri aait 

A solution of methacrylic acid methyl ester (10 0.1 mol) and benzylamine (10.7 g, 0.1 
mol) Is refluxed in methanol {100 mL) for 4 days, then the solvent is evaporated to 
afford the 3-ben2ylamino-2-methyi-propionic acid methyl ester in 100% yield. To a 

15 soiution of this eater (4 g, ig.3 mmol) in methanol (70 mL) is added palladium on 
carlwn 5 wt% (0.4 g) and aoetio acid (2.2 mL, 38 mmol). The solution is stirred for s 
hours under 1-2 bar of hydrogen, then fiftered on celite and concentrated in vacuo to 
afford the 3-amino-2-methyl-prDpionio add methyl ester, acetic acid salt in 85% yield. 
^H-NIMR (400MHz, DMSO) 8 8.72 (s, 3H), 3.64 (s, SH). 3.09 (m, 1 H), 2.81 (m, 2H). 

20 2.31 (S,3H), 1.16 (d,3H). 



Example 6 

.Preparation of rS)-3-amino-2-ben^l-p p? p k)n!G arfd metbvl eetor and Pfeoaration ^ (pp. 
8-aminQ-2- ben2vl-p{ ni> jonic acid. 

25 

To a solution of 3-amino-2-benzyJ-propion[c aold methyl ester hydrochloride (10 g, 44 
mmol) in 100 mL of potassium phosphate buffer (25 mlVI, pH 7.0) is added Aicalase 
type B 2.5 enzyme (1.25 g). The resulting mixture is stirred at room temperature and 
the pH is adjusted to pH 7.0 during the reaction with a 2N NaOH aqueous solution. The 

30 reaction is stopped at 50% conversion after 2h. The reaction mixture is filtered, the pH 
. is acliusted to pH 9 with solid KgCOa and the remaining unreaoted ester is removed by 
extraction (3 times) with methylene chloride. The organic layer is dried over sodium 
sulphate, filtered and concentrated In vacuo to afford the enantiomerically enriched (S)- 
3-amino-2-b©nzyI-propIonic acid methyl ester (ee>99%). The aqueous layer is slowly 

35 acidified with phosphoric acid until the precipitation of the enantiomerically enriched 
(R)-&«minoT2-benzyl-p)ioplonlo aold (ee>99%) obtained by filtration 
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a^r^Hnn nf enantlomeriftallv enrichecj R^-flmlno aoid using different stereoselgctive 
h^/rirniyfffi enzymes 

6 To a solution of subslrate (200 mg) inl 0 mL of sodium phosphate buffer (25 mM, pH 
7,0) is added 200 mg enzyme and the resulting mixture is stirred at room temperature. 
The reaction is following by chiral HPLC and at approximately 50% conversion;the 
enantiomeric excess of the aoid was measured. Corresponding E-ratlos were 
calculated and results of the experiments are presented in table 1 below. 



to 
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Table 1. Preparation of ©nantiomeilcally enriched p^amino acid using different 
stereosetective hydrotytio eni^mes 



Example 
number 


Substrate 


Enzyme used 


e.e. acid 
% 


conver- 
sion 

% 


E ratio 


7 




i^VivH^sii l^df Iwi c?aUI« 












tSnAcSAfi/no II n - 

II|«/OiOCp LyjJCr IJ ^|L." 


Ol 


51 


25 






fill A Ofi^VM^X 








8 


1 


Alcalase 2.6L type 
B,PIVIN4211 


98 


49 


>300 


9 




llGhBnffonnis 














98 


49 


>300 






(Pesoalase DSM* 












Gist) 








10 




Alcalase2.5LDX. 












rMN 4501 A-1 6 


97 


49 


>200 






933131 








11 




Aloalase 2.5L DX, 












PMN 4501 A-ie 


97,2 


42,7 


>100 






933131 










o 

I 


Alcalase S.SLtype 
B, PMIM 421 1 


97>4 


42,9 


>100 


13 


V 


Badlfus 
BohBNformie 












protease 


75.3 


43,2 


14 






(Pescaiase. DSM- 












Gist) 








14 




Porcine pancreatic 












lipase type 11 (L- 


99,0 




>300 






3126. Sigma) 









5 



27. FEB. 2004 15:04 ' DSITFIILEEW 046-4761830 



026 -2-7-&2^0&4- - 14 : 59 : C 



CLAtMS 



10 



15 



Process for til© preparation of an enantfomerically eririohed p^-amino acid of 
formula 1 



wherein R^ and R'' each independently stand for H, an optionally 
substituted (hetero)aryl, an optionally, substituted alkyl. OR^, COzB^ C(0)R^ 
SR^ NR^R'°, OC(0)R" Wherein R^ R^ R'. R'" and R" each 

independently stand for H, an optionally substituted alkyl or for an optionally 
substituted (hetero)aryl and wherein R^and if=l^, R^ and R* or and R'* may 
form a ring togetiier with the carbon atom to which they are atiat^ied. 
comprisinfl the steps of reacting a stereoselectiv© hydrolytic enzyme with a 
mixture of enantlomers of a p^-amino acid ester of formula 2 



wherein R^ stands for an optionally substituted alkyl and wherein R^ , R^ and 
R* are as defined above and collecting the resulting enantiomerically enriched 
^^-amino acid of formula 1 . 

Process for the preparation of an enantiomerically enriched p^-amino acid 
ester of formula 2 

R^OgC R^ 



wherein R^ Mandator an optionally substituted alkyi and wherein R^. and 
R" each independenUy stand for H, an optionally substituted (hetero)aryl, an 
optionally substituted alkyl. OR^. GOaR«. C(0)R'. SR^ NR''R'^ OC(0)R" 
wherein R', R^ R^. and R^^ each IndependenUy stand for H, an 

optionally substituted alkyl or for an optfonally substltLrted (hetero)aryl and 
wherein R'and R®, R* and R" or R« and R* may form a ring together with the 
oarbon atom to which they are attached, comprising the steps of reacting a 
stereoselective hydrolytic enzyme with a mixture of enantlomers of a ^^-amino 
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3. 

S 

4. 
6. 

10 

6. 

15 

7. 



20 



acid ester of formula 2, wfierein R\ , and R'* are as defined above and 
ooIiecSng the remaining enantlomefically enrtoiied acid ester of 

formulas. 

Process according to dalm 1 or claim 2, wherein the stereoselective hydrolytio 
enzyme fs an enzyme from the en?yme classification group EC 3.1 .1, 3.4.21 , 
or 3.4.23. 

Process according to any one of claims 1-3, wherein the stereoselecsHve 
hydrolytio enzyme has an E-ratto > 5. 

Proces© according to any one of claims 2-4, wherein the collected rBmaining 
enantjomerioally enriched p^-amino add ester Is further hydrolysed in a 
manner known per se. 

Process according to any one of claims 1-5, wherein the p*-amino acid ester 
of formula 2 is prepared by reduction of the corresponding nitrite of formula 3 



wherein R\ l^. R^ and R^ are as defined above with a suitable reducing agent 
and optionally in the presence of a suitable catalyst. 
Process according to claim 6, wherein the nitrite of formula 3, wherein R\ 
and R'are as defined above and wherein R^ stands for H is prepared by 
reduction of the conesponding nitriie of formula 4, 



wherein R\ and R^ are as defined above with a suitable reducing agent 
and optionaHy in the presence of a suitable catalyst. 
Process according to any one of claims 1-5, wherein the 3^-amino acid ester 
of fonnuJa 2, wherein R* stands for H and R^ R^ and R« are as defined above 
IS prepared by reduction of the corresponding nitriie of formula 4, wherein H\ 
R^ and R^ are as defined above with a suitable reducing agent and optionally 
in the presence of a suitable csitelyst 

Process acoording to claim 6, wherein the nitriie of fomnula 3, wherein R\ R^ 
and R* are as defined above /s prepared from the corresponding nitriie of 
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10 



11. 

15 



20 

12. 



IS. 

25 



formula 4, wherein R\ and are as defined above by introduction of R* 

nuoleopEiiiic 1 ,4^add[tlon using a suitable nucleophiie. 
Process aooording i» any one of claims 7-9, wherdn the nttril© of formula 4, 
wlierein R\ and are as defined above Is prepared by condensation of a 
Icetone or aldehyde of formula 6 



wherein and R^ are as defined above and a nitrile of fomiula 7 



wherein is as defined above, in the presence of a suitable base or a 
dehydrating reagent 

Process according to any one of claims 1-5, wherein the p^-amino acid ester 
of formula 2, wherein R\ R^ R® and R*^ are as defined above is prepared by 
reacting NHa or an NHa-analogue wtth the 2-substituted aorylio acid ester of 



wherein R\ R*. i=^* and R* are as defined above. 
Process according to any one of claims 1-11. wherein the enanttomerioally 
enriched p=-amino add (ester) prepared according to a process of any one of 
clalma 1-11 is further converted into a pharmaceutically active ingredient. 
Process according to claim 12, wherein the pharmaceutically active ingredient 
Is formulated into a pharmaceutical composition comprising the 
pharmaceutically active ingredient and an exolplent. 
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ABSTRACT 



The Invention relates to a process for the preparation of a 
5 enanfaomerically enriched p^-amino acid comprising the steps of reacting a 

stereoselective hydrolytic enzyme with a mixture of enantiomers of a p^-amlno add 
©ster and oolleoting the resulting ©nantlomerioally enriched p^mino acid. Th© 
Invention also relates to a process for the preparation of an enantlomerlcaliy enriched 
P^-amlno acid ester comprising the steps erf reacting a stereoseleotiv© hydrolytic 
1 0 erayme virith a mixture of enantiomers of a p^-amino acid ©e*er and collecting 
remaining enantromeiically enriched P'^-amino acsd ester. 



